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(54) High damping gel derived from extending grafted elastomers and polypropylene 

(57) There is disclosed a gel or polymer composi- 
tion containing: 100 parts by weight of a graft copolymer 
composition formed by the reaction of an organic 
diamine grafting agents with maleate functional groups 
on an elastomeric block containing block copolymer and 
with maleate functional groups on polypropylene, and at 
least 30 parts by weight of an extender oil or a low 
molecular weight organic component. These gel com- 
positions have super soft properties, heat resistance, 
and/or damping properties. 
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Description 

BACKGROUND OF THE INVENTION 

5 The usefulness of elastomeric polymers for improving the impact strength of polypropylene ("PP") plastic compo- 

sitions is known. The improvement may be generally accomplished through producing a simple physical mixture of PP 
with EPR. For example, U.S. Pat. No 4,087,485, to Huff, is directed to improving the impact strength of a polypropylene 
composition by incorporating therein minor amounts of polyethylene and ethylene-propylene copolymer. 

It is recognized that two or more polymers may be blended together to form a wide variety of random or structured 

10 morphologies to obtain products that potentially offer desirable combinations of characteristics. However, it may be dif- 
ficult or impossible in practice to achieve many potential combinations through simple blending because of some inher- 
ent and fundamental problems. Frequently, the two polymers are thermodynamically immiscible, which precludes 
generating a truly homogeneous product. This immiscibility may not be a problem per se since often it is desirable to 
have a two-phase structure. However, the situation at the interface between these two phases very often does lead to 

is problems. The typical case is one of high interfacial tension and poor adhesion between the two phases. This interfacial 
tension contributes, along with high viscosities, to the inherent difficulty of imparting the desired degree of dispersion to 
random mixtures and to their subsequent lack of stability, giving rise to gross separation or stratification during later 
processing or use. Poor adhesion leads, in part, to the very weak and brittle mechanical behavior often observed in dis- 
persed blends and may render some highly structured morphologies impossible. 

20 It is extremely desirable to prepare a graft copolymer having the impact strength of polypropylene and the elasto- 

meric properties of a block copolymer and to extend the resultant copolymer with a high oil or low molecular weight 
component content to obtain a soft material having a low Shore A hardness. 

Thus, the oil or low molecular weight component extended graft polymers of this invention, comprising a maleated 
block copolymer grafted to a maleated polypropylene by the use of a difunctional grafting agent reactive with the 

25 maleate groups on the block copolymer and the polypropylene, are believed to be unknown prior to the disclosure 
herein. 

OBJECTS OF THE INVENTION 

30 Accordingly, it is an object of this invention to provide an oil or low molecular weight component extended graft 
copolymer of a maleated polypropylene and a maleated block copolymer elastomer that is useful in producing high 
damping, super soft materials. 

More specifically, it is an object of this invention to provide a graft copolymer formed by reacting maleated polypro- 
pylene and maleated block copolymer with a diamine. 

35 Another object of the invention is to provide oil or low molecular weight component extended graft copolymers that 
exhibit improved properties, including low Shore A hardness less than 30, high damping properties and a service tem- 
perature of about 100° C. 



40 



SUMMARY OF THE INVENTION 



The object of the present invention under such circumstances is to provide an oil or low molecular weight compo- 
nent extended grafted block copolymer-polypropylene copolymer soft gel composition having damping properties use- 
ful in producing molded products having heat resistance and a high elasticity and damping property such as industrial 
materials, electric and electronic materials, industrial construction materials, car parts, sporting goods, shoes, domestic 

45 electrical appliances and various mechanical parts. 

The present invention is broadly directed to graft copolymer compositions of a maleated polypropylene and a 
maleated block copolymer reacted with a diamine. It is further directed to a process for preparing an oil extended graft 
copolymer compositions broadly comprising a maleated polypropylene grafted to a functionalized thermoplastic elas- 
tomer, namely maleated block copolymer, under conditions sufficient to permit grafting of the functionalized polypropyl- 

50 ene with the functionalized thermoplastic elastomer. 

DETAILED DESCRIPTION OF THE INVENTION 

The extended graft polymer gels of the present invention contain: 100 parts by weight of a graft polymer of a 
55 maleated block copolymer having one or more maleated polypropylene segments grafted thereto through the one or 
more functional linkages formed by a crosslinking reaction with a diamine grafting agent; and at least 30, preferably 30 
to 1000, parts by weight of an extender such as a oil or a low molecular weight component. 
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Preparation of the Maleated Block Copolymer 

The maleated block copolymer of this invention can be prepared by either copolymerization of the constituent mon- 
omers or by the grafting of a maleate function onto an elastomeric block copolymer backbone, which is meant to include 

5 any of the conventionally known monomer elastomeric polymers. Thus the maleated functionalized block copolymer 
elastomers of this invention (hereinafter referred to as "maleated block copolymer") is meant to include terpolymers, 
tetrapolymers, etc., and comprises one or more blocks but at least one polymer block having elastomeric properties. 

The block copolymer to be maleated in accordance with the present invention contains at least one hard block and 
at least one elastomeric block and suitable block copolymers include but are not limited to: styrene-ethylene/butylene- 

io styrene block copolymer (SEBS), styrene/butadiene block copolymer (SBR) preferably having a butadiene/styrene 
weight ratio of about 85/15 to about 45/55, a styrene/butadiene/styrene block copolymer (SBS), styrene/isoprene 
block/styrene block copolymer (SIS), tapered block SBR, microblock SBR, styrene/isoprene block copolymer (block 
SIR), tapered block SIR, styrene/butadiene/isoprene block copolymer (block SIBR), styrene-ethylene/butylene block 
copolymer (SEB), styrene-ethylene/propylene-block copolymer (SEP), styrene- ethyl en e/propylene-styrene block copol- 

15 ymer (SEPS), styrene-ethylene/propylene-ethylene block copolymer (SEPE), styrene-ethylene/butylene-ethylene block 
copolymer (SEBE), styrene-ethylene/styrene block copolymer (SES), ethyl ene-ethylene/butylene block copolymer 
(EEB), ethylene-ethylene/butylene/styrene block copolymer (hydrogenated BR-SBR block copolymer), ethylene-ethyl- 
ene/butylene/styrene-ethylene block copolymer (hydrogenated BR-SBR-BR block copolymer), ethylene-ethylene/buty- 
lene-ethylene block copolymer (EEBE) and partially hydrogenated versions of these copolymers. 

so Styrene-ethylene/butylene-styrene block copolymer (SEBS) is the preferred block copolymer for use in the present 
invention. SEBS is produced by techniques well known to those skilled in the art employing a controlled feeding tech- 
nique, called metering, using little or no modifier to produce a block having randomized ethylene/butylene distribution in 
the ethylene/butylene contributed units. 

Suitable block copolymers may be prepared in either batch or continuous reactor systems, in gas phase, solution 

25 or slurry polymerizations. 

The term "mateic anhydride adduct" as employed herein refers to block polymer products containing pendent 
maleate or succinic anhydride groups which are formed by reacting by heating a mixture of the maleic anhydride and 
the block copolymer. As will be discussed hereinafter, this polymer by virtue of the presence of the pendent succinic 
anhydride group can be reacted under appropriate conditions with an amine group of a polyamine in the production of 

30 the graft copolymer. The maleated block copolymer has one or more functional sites thereon provided by one or more 
maleate functional-group containing monomers. 

As indicated, the maleic anhydride adduct of the block copolymer is prepared by reacting maleic anhydride with a 
block copolymer containing residual unsaturation. The amounts of maleic anhydride employed in the reaction can vary 
considerably depending on the specific nature of the block copolymer and the properties desired in the polymer prod- 

35 uct In general, the amount of maleic anhydride employed may range from about 0.01 to about 25 percent by weight 
based on total weight of maleic anhydride and block copolymer with a preferred amount being from 0.05 to 5 percent 
by weight. The maleated block copolymer elastomers are formed by copolymerization of block copolymer with com- 
pounds including ethylenically unsaturated carboxyl group-containing compounds, e.g., maleic anhydride as is well 
known to those skilled in the art. Other techniques for providing block copolymer with maleate functionality can be per- 

40 formed according to the procedures for providing maleate functionality onto polypropylene as discussed herein utilizing 
reaction conditions appropriately modified as are well known to those skilled in the art. 

Descriptions for Ziegler copolymerization of functional polymers are to be found, inter alia, in U.S. Pat. Nos. 
3,492,227, 3,761,458, 3,796,687, 4,017,669, 4,139,417 and 4,423,196, the disclosures of which, including compounds 
and processes, are incorporated by reference. These patents teach the preparation of elastomeric terpolymers, tetrap- 

45 olymers, etc. , and unsaturated polar functional monomers by direct Ziegler-Natta polymerization of the monomers, usu- 
ally in solvent, utilizing catalyst systems composed of trivalent, and higher, vanadium compounds, organoaluminum 
compounds and halogenated reactivator compounds. These polymerization reactions are run in the absence of mois- 
ture in an inert atmosphere and in a preferred temperature range of 0° to 65° C. Both continuous and batch reactions 
are taught. 

so The maleated block copolymer or maleic anhydride elastomeric adduct component of the compositions of the 
invention is prepared by a relatively uncomplicated process which does not require complex copolymerization or graft- 
ing procedures. Thus, the maleated block copolymer can be prepared by first forming a homogeneous mixture or solu- 
tion of the maleic anhydride and the block copolymer containing residual unsaturation and then reacting the resultant 
mixture or solution under appropriate conditions of time and temperature. In forming the homogeneous mixture, the 

55 maleic anhydride preferably in particle form and the block copolymer in solid form can be mixed in any convenient mix- 
ing apparatus such as, for example, a two-roll mill or a mixing extruder. In the solution method, the maleic anhydride 
and the block copolymer can be separately dissolved in aliphatic or aromatic solvents such as toluene, hexane, hep- 
tane, xylene, chlorobenzene or the like and the solutions then combined or both components may be dissolved together 
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in an appropriate solvent. When the solution method is employed, the solvent can be removed following the reaction by 
any convenient drying method such as, for example, drum drying. 

The specific conditions employed in reacting the resultant mixture or solution of maleic anhydride and block copol- 
ymer can vary considerably depending on factors such as the specific amounts of ingredients and the nature of the 

s block copolymer and its reactivity. Thus, temperatures may range from 130° to 320° C. with a preferred range being 
from 170° to 300° C. Times may range from 0.001 hour to 200 hours, depending on the specific temperature utilized, 
nature of the block copolymer, etc. In addition, it is preferred to conduct the reaction under an inert gas such as nitrogen. 

.As the component grafted onto the block copolymer, it is preferred to make use of maleic anhydride but other 
unsaturated dicarboxylic acid anhydrides, dicarboxylic acids, or mixed acid/esters may be used. For example, the 

io maleic anhydride may be substituted in whole or in part with equal molecular equivalents of other unsaturated dicarbo- 
xylic acids or anhydrides, such as itaconic acid or anhydride, fumaric acid, maleic acid and the like. 

The grafting reaction is carried out in the presence of a peroxide catalyst such as decimal peroxide, t-butyl hydro 
peroxide, benzoyl peroxide, t-butylperoctanoate, di-t-butylperoxide, t-butylhydroperoxide, cumene hydro peroxide, t- 
butylperbenzoate or other free radical source capable of hydrogen abstraction, as represented by alkyl peroxy esters, 

is alkyl peroxides, alkyl hydroperoxides, diacylperoxides and the like. The amount of catalyst as well as reaction condi- 
tions will vary with the choice of catalyst. 

The desired results are achieved when the amount of anhydride or diacid grafted onto the block copolymer polymer 
is within the range of 0.01 to 5 percent by weight of the base polymer and preferably in an amount within the range of 
0.05 to 5 percent graft. In general, the amount grafted onto the polymer will represent only 30 to 50 percent of the graft 

20 material reacted with the polymer. For example, to achieve a graft of 4 percent maleic anhydride onto a preformed block 
copolymer, a charge of about 10 percent maleic anhydride will be required. The maleated block copolymer, prior to 
grafting with maleated polypropylene, generally has a molecular weight range between about 5,000 and up to about 
1 ,000,000 or higher, more typically between about 1 0,000 and 500,000, and even more typically between about 15,000 
and 350,000, where the molecular weight is weight-average ( M M W "). 

25 Block copolymer described herein are subsequently graft-reacted through a difunctional linking or grafting agent to 

a maleated polypropylene to yield a maleated block copolymer having one or more polypropylene segments grafted 
thereto through the one or more functional linkages thus formed. 

Maleated Polypropylene 

30 

The maleated polypropylene may be any of the conventionally known polypropylene compounds that are subse- 
quently maleated by methods known in the art. The polypropylene graft segment or segments have molecular weights 
of about 10,000 up to about 10,000,000, or higher, preferably about 20,000 to about 300,000 M w . 

The crystallinity, or tacticity, of the polypropylene may vary from being substantially amorphous to being completely 

35 crystalline, that is from about 10-100% crystallinity. Most typically, because of the extensive commercial use of isotactic 
polypropylene, the graft polypropylene will be substantially crystalline, e.g., greater than about 90%. Generally, the poly- 
propylene is substantially free of ethylene. However, under certain circumstances small amounts of ethylene, on the 
order of less than about 5% by weight, may be incorporated. Furthermore, in certain instances the polypropylene con- 
tain small amounts of ethylene in copolymers known as "reactor copolymers". Thus, it is within the scope of the inven- 

40 tion that the graft polypropylene contain minor amounts of ethylene, both as part of ethylene-propylene segments and 
as polyethylene segments. 

Polymerization conditions for the preparation of polypropylene are well known in the art. Propylene can be polym- 
erized into isotactic polypropylene in the presence of stereo-specrfic Ziegler-Natta catalyst systems comprising com- 
pounds of the transition metals of Groups 4 to 6 and 8 of the Periodic Table of elements, preferably titanium compounds, 

45 most preferably titanium halides, and organometallic compounds of elements of groups 1 to 3 of the Periodic Table, 
especially aluminum alkyls or aluminum alkyl halides. Illustrative examples include titanium trichloride, titanium tetra- 
chloride as catalysts and triethylaluminum and diethyl aluminum chloride as cocatalysts. These transition metal catalyst 
systems can be non-supported or supported, for example, silica gel, or metal oxides and dihalides, such as MgO, 
MgCI 2 , ZnCI 2 , etc. Such systems can be reacted together and can be complexed with a variety of Lewis-base electron 

so donors. 

Molecular weight control is typically achieved by the incorporation of hydrogen via a feed stream into the polymer- 
ization reactor. The hydrogen is added at about 0 to 30 mole % based on the total monomer. The polymerization reac- 
tion is preferably conducted according to the slurry method employing an inert hydrocarbon diluent or liquid propylene 
as the vehicle. The polymerization temperature can be in the range of about 50° C. to about 100°C. and is preferably at 
55 a range or about 60°C. to about 80° C. Polymerization pressure can also vary over a wide range and is not particularly 
limited, the polymerization pressure can for example be in the range from between atmospheric pressure to 37,000 
KPa. Such procedures and components are only illustrative of the knowledge in the art with respect to polypropylene 
polymerization, any are contemplated as useful within the scope of the invention. For general review of literature and 
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patents in the art see "Olefin Polymers (Polypropylene)" in the Kirk-Othmer Encyclopedia of Chemical Technology, 3rd 
Edition v. 16, 453-469 (J. Wiley & Sons, 1981). 

The maleinization of the polypropylene compound to maleated polypropylene is conveniently accomplished by 
heating a blend of polypropylene and ethylenically unsaturated carboxyl group-containing compounds, e.g., maleic 

5 anhydride, within a range of about 150° to 400° C, often in the presence of free-radical initiators such as organic per- 
oxides that are well-known in the art. Free-radical grafting of the carboxyl group-containing compounds onto the poly- 
propylene readily results. Methods of preparing these graft polymers are well-known in the art as illustrated, inter alia, 
in U.S. Pat. Nos. 3,480,580, 3,481,910, 3,577,365, 3,862,265, 4,506,056, and 3,414,551 the disclosures of which are 
incorporated herein by reference. Such processes are well-known in the art, for example, an independent source of the 

10 description of the process is found in Y. Minoura, M. Ueda, S. Mizinuma and M. Oba, J. Applied Polymer Sci. 1625 
(1969). The use of heat and/or physical shearing optionally with the free-radical initiators, in such equipment as extrud- 
ers, masticators, and the like, to simultaneously accomplish controlled degradation in molecular weight of the polypro- 
pylene along with the free-radical grafting of the maleic anhydride, all as known in the art, will be useful in accordance 
with this invention. 

is In particular, it is preferable to conduct the maleinization with such amounts of maleic anhydride and free-radical 

initiators, and under conditions of temperature and shearing such that free-radical sites on the polypropylene are 
formed substantially at the time of scission of the polypropylene chains and are formed at the point of such scission. 
The maleic anhydride is then grafted onto the scissioned end of one side of such broken chains. In this manner the • 
anhydride groups are located principally at the ends of the maleated polypropylene chains, and the substantial majority 

20 of such maleated polypropylene chains contain one site of maleinization. This procedure permits grafting of the 
maleated polypropylene at its maleated end to the maleated block copolymer though the use of a difunctional linking or 
grafting agents having a two f rictional groups each functional group being reactive with a maleate group on the polypro- 
pylene and block copolymer. Multiple sites of maleinization can lead to grafting of the maleated polypropylene to more 
than one maleated block copolymer polymer chain or at more than one site of one or more maleated block copolymer. 

25 In accordance with the above, the free-radical initiator is preferably used and will typically be utilized in an amount 

of from about 0.01 to 1 .0 wt. %, preferably from about 0.02 to 0.5 wt. %, and most preferably from about 0.04 to 0.3 wt. 
% of the total polypropylene, and solvent if used, and will be added first. The mixture is then heated to a temperature at 
or about the known decomposition temperature of the selected free-radical initiator, concurrently with any optional 
mechanical shearing. The maleic anhydride is subsequently added in an amount typically from about 0.01 to 10.0 wt. 

30 %, preferably from about 0.1 to 5 wt. %, and most preferably about 0.75 to 2 wt. % of the total polypropylene. 

The maleated polypropylene of this invention contain from about 0.01 wt. % incorporated maleic anhydride, based 
upon the weight of the maleated polypropylene, up to about 5 wt. %. Preferably the maleic anhydride content will be 
from about 0.01 to about 2 wt. %, most preferably about 0.02 to about 1.0 wt. %. As will be apparent, unreacted poly- 
propylene will also be present in the reaction mix as will minor amounts of reaction by-products, such as decomposed 

35 free-radical initiator compounds and low molecular weight free-radical products. These by-products are substantially 
removed, by methods known in the art, e.g., sparging with nitrogen or washing with water. Maleic anhydride may not be 
left in substantial amounts in the polymer without detrimental affects on the subsequent reaction of the maleated block 
copolymer with the maleated polypropylene. 

It should be observed that the above-described polymers and copolymers and maleated forms thereof may, if 

40 desired, be readily prepared by the methods set forth above. However, since many of these polymers and copolymers 
are commercially available, it is usually preferred to employ commercially available polymers in order to the reduce the 
number of processing steps involved in the overall process. 

Grafting of Maleated Polypropylene and Maleated Block Copolymer 

45 

Grafting of maleated polypropylene and maleated block copolymer is performed by addition of a grafting agent such 
as a polyamine, preferably an organic diamine, to a blend of maleated polypropylene and maleated block copolymer to 
partially cross-link the polypropylene to the block copolymer through the maleate functional groups. 

Suitable organic diamines or diamine mixtures containing two aliphatically or cycloaliphatically bound primary 

so amino groups are used for the process according to the present invention. Such amines include, for example, aliphatic 
or cycloaliphatic diamines corresponding to the following general formula: R 1 (NH 2 ) 2 wherein R 1 represents an aliphatic 
hydrocarbon group having from 2 to 20 carbon atoms, a cycloaliphatic hydrocarbon group having from 4 to 20 carbon 
atoms, or an aromatic hydrocarbon group having from 6 to 20 carbon atoms or R 1 represents an N-heterocyclic ring 
having from 4 to 20 carbon atoms, e.g.. ethylene diamine; 1,2- and 1.3- propylene diamine; 1,4<liaminobutane; 2,2- 

55 dimethylpropanediamine-(1.3); 1.6<liaminohexane; 2.5-dimethylhexanediamine-(2,5); 2,2,4-trimethylhexanediamine- 
(1,6); 1,8-diaminooctane; 1 ,10-diaminodecane; 1,1 1-undecane diamine; 1,12-dodecane diamine; 1-methyl-4-(aminoi- 
sopropyl)-cyclohexylamine-1 ; 3-aminomethyl-3,5,5-trimethylcyclohexylamine-(1 ); 1 ,2-bis-(aminomethyl)-cyclobutane; 
p-xylylene diamine; 1,2- and 1,4-diaminocyclohexane; 1,2-; 1,4-; 1,5- and 1,8-diaminodecalin; 1-methyl-4-aminoisopro- 
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pytcyclohexylamine-1; 4,4'-diamino<iicyclohexyl; 4,4 , -diamino-dicyclohexyl methane; 2,2'-(bis-4-amino-cyclohexyl)- 
propane; S.S'-dimethyl^^'-diamino-dicyclohexyl methane; 1,2-bis-(4-arninocyclohexyl)-ethane; S.S'.S.S'-tetramethyl- 
bis-(4-aminocyclohexyl)-methane and -propane; 1,4 - bis-(2-aminoethyl)-benzene; benzidine; 4,4'-thiodianiline, dianisi- 
dine; 2,4-toluenediamine, diaminoditolylsulfone; 2,6-diaminopyridine; 4-methoxy-6-methyl-nvphenylenediamine; diami- 
nodiphenyl ether; 4,4'-bis(o-toluidine); o-phenylenediamine; o-phenylenediamine, methylenebis(o-chloroaniline); 
bis(3,4<liaminiophenyl)sulfone; diaminiodiphenylsulfone; 4-chloro-o-phenylenediamine; m-aminobenzylamine; m-phe- 
nylenediamine; 4,4'-C 1 -C 6 <lianiline such as 4,4 -methylenedianiline; aniline-formaldehyde resin; and trimethylene gly- 
col di-p-aminobenzoate. Mixtures of these exemplified amines may also be used. 

Other suitable polyamines for the process according to the present invention include bis-(aminoalkyl) -amines, pref- 
erably those having a total of from 4 to 12 carbon atoms, e.g., bis-(2-aminoethyl)-amine, bis-(3-aminopropyl) -amine, bis- 
(4-aminobutyl)-amine and bis-(6-aminohexyl)-amine, and isomeric mixtures of dipropylene triamine and dibutylene tri- 
amine. Hexamethylene diamine, tetramethylene diamine, and especially dodecane diamine are preferably used. 

The grafting agent is preferably present in an amount of from about 0. 1 to about 30.0 milliequivalents per 1 00 grams 
of combined weight of maleated polypropylene and maleated block copolymer ("meq/100 g.") as measured by infrared 
analysis, more preferably 0.1 to 20 meq/100 g., and most preferably 0.1 to 15 meq/100 g. 

Thus in one embodiment the process for preparing the graft polymer of this invention comprises the steps of: 

(A) combining under polymerization conditions sufficient to lorm a maleated block copolymer, , and a block copol- 
ymer and at least one maleated functional group-containing monomer, in the presence of a non-stereospecrfic Zie- 
gler-Natta catalyst system selected for its capability for producing random copolymers; 

(B) combining a polymer composition prepared in accordance with step (A) and a maleated polypropylene compo- 
sition and a grafting agent such as a diamine under conditions sufficient to permit grafting of at least a minor portion 
of the maleated block copolymer 

In broadest terms the process for preparing the graft polymer of this invention comprises combining the maleated 
block copolymer with the maleated polypropylene and the grafting agent under conditions sufficient to permit grafting of 
at least a minor portion of the block copolymer onto the polypropylene. Thus the graft copolymer composition of this 
invention will comprise the reaction product of the above described maleated block copolymer , the grafting agent and 
the maleated polypropylene. The grafting reaction is accomplished by contacting the grafting agent and the maleated 
block copolymer with the maleated polypropylene whereupon interaction and crosslinking take place. Apparently the 
primary amino groups of the grafting agent react to form covalent chemical bonds (imide bonds) with the maleic moie- 
ties of the maleated polypropylene and the maleated block copolymer. The polypropylene is thus grafted to the 
maleated block copolymer through covalent chemical functional linkages. 

For best results, a proportion of approximately one-half molar equivalent of grafting agent per molar equivalent of 
maleic moiety can be employed due to the difunctionality of the grafting agent. The contacting can be accomplished by 
combining solutions of the polymeric reactants in suitable solvents, such as benzene, toluene, and other inert inorganic 
solvents, in a suitable reaction vessel under substantially anhydrous conditions. Heating will accelerate the reaction and 
is generally preferred. However, the reaction is exothermic and will occur at ambient temperatures. More preferably 
commercially, the contacting can be accomplished by premixing pre-formed pellets of the neat functionalized polymers 
and adding the grafting agent and melt processing in a physical blender or mixer, such as a Brabender mixer or an 
extruder, at temperatures of from about ambient to about 350° C, preferably about 75° to about 300° C, and most pref- 
erably 150° C. to about 250° C. It is important that essentially all moisture or water be removed by drying prior to con- 
tacting the polymer reactants in order to avoid hydrolysis reactions which will compete with the sought crosslinking and 
reduce the yield of the graft copolymer composition of this invention. 

The amounts of maleated block copolymer and maleated polypropylene reacted into the grafted compositions of 
the invention may vary somewhat depending upon the properties desired in the finished composition. In general, the 
amounts of maleated polypropylene included in the grafted composition may range from about 1 to about 50 percent by 
weight based on total weight of composition. Preferred amounts of maleated polypropylene are from 1 to 30 percent by 
weight with a particularly preferred amount being from 1 to 20 percent by weight. The amounts of maleated block copol- 
ymer included in the grafted composition may range from about 99 to about 50 percent by weight based on total weight 
of composition. Preferred amounts of maleated block copolymer are from 99 to 70 percent by weight with a particularly 
preferred amount being from 99 to 80 percent by weight. 

Preparation of Extended Graft Copolymers 

The polymer gels of the present invention have an extender added to the prepared graft copolymers during final 
processing. Suitable extenders include extender oils and low molecular weight compounds or components. Suitable 
extender oils include those well known in the art such as naphthenic, aromatic and paraffinic petroleum oils and silicone 



6 

: <EP 0879832A1 J_> 



9 



EP 0 879 832 A1 

oils. 

Examples of low molecular weight organic compounds or components useful as extenders in the compositions of 
the present invention are low molecular weight organic materials having a number-average molecular weight of less 
than 20,000, preferable less than 10,000, and most preferably less than 5,000. Although there is no particular limitation 
s to the material which may be employed, the following is a list of examples of appropriate materials: 

(1) Softening agents, namely aromatic naphthenic and paraffinic softening agents for rubbers or resins; 

(2) Plasticizers, namely plasticizers composed of esters including phthalic, mixed phthalic, aliphatic dibasic acid, 
glycol, fatty acid, phosphoric and stearic esters, epoxy plasticizers, other plasticizers tor plastics, and phthalate, 

10 adipate, sebacate, phosphate, polyether and polyester plasticizers for NBR; 

(3) Tackifiers, namely coumarone resins, coumarone-indene resins, terpene phenol resins, petroleum hydrocar- 
bons and rosin derivative; 

(4) Oligomers, namely crown ether, f lourine-containing oligomers, polybutenes, xylene resins, chlorinated rubber, 
polyethylene wax, petroleum resins, rosin ester rubber, polyalkylene glycol diacrylate, liquid rubber (polybutadiene, 

15 styrene/butadiene rubber, butadiene-acrylonitrile rubber, polychloroprene, etc.), silicone oligomers, and poly-a-ole- 

fins; 

(5) Lubricants, namely hydrocarbon lubricants such as paraffin and wax, fatty acid lubricants such as higher fatty 
acid and hydroxy-fatty acid, fatty acid amide lubricants such as fatty acid amide and alkylene-bis-fatty acid amide, 
ester lubricants such as fatty acid-lower alcohol ester, fatty acid-polyhydric alcohol ester and fatty acid-polyglycol 

20 ester, alcoholic lubricants such as fatty alcohol, polyhydric alcohol, polyglycol and polyglycerol, metallic soaps, and 

mixed lubricants; and 

(6) Petroleum hydrocarbons, namely synthetic terpene resins, aromatic hydrocarbon resins, aliphatic hydrocarbon 
resins, aliphatic cyclic hydrocarbon resins, aliphatic or alicyclic petroleum resins, aliphatic or aromatic petroleum 
resins, polymers of unsaturated hydrocarbons, and hydrogenated hydrocarbon resins. 

25 

Other appropriate low-molecular organic materials include latexes, emulsions, liquid crystals, bituminous composi- 
tions, and phosphazenes. One or more of these materials may be used as extenders. 

In accordance with the present invention, the grafted polymer containing gel composition of the present invention 
may have added thereto at least about 30, preferably 30 to 1 ,000, parts by weight of extender per 100 parts by weight 

30 of the graft copolymers. Most preferred amounts of added extender include from about 50 to about 500 parts of oil per 
100 parts of graft copolymer and ideally about 80 to about 300 parts of extender per 100 parts of graft copolymer. 

The polymer gels produced according to the present invention generally have high damping properties having a 
tan 6 in the range of about 0.1 to about 1 .0, preferably higher than 0.2 over the temperature range of 30°C. to 100°C 
and a Shore A hardness ranging from 0 to about 50, preferably about 1 to about 30. most preferably about 5 to 30 at 

35 about 20°C to 25°C or at room temperature. The service temperature of the gels of the present invention is less than or 
equal to 100°C. for most of the polymers of the present invention, e.g., 100°C compression set of the gel is about 80. 
Some of the extended polymers of the present invention have a potential use up to 1 40°C. 

It is frequently desirable to include other additives well known in the rubber art to the compositions of the present 
application. Stabilizers, antioxidants, conventional fillers, reinforcing agents, reinforcing resins, pigments, fragrances 

40 and the like are examples of some such additives. Specific examples of useful antioxidants and stabilizers include 2-(2- 
hydroxy-5'-methylphenyl) benzotriazole, nickel dibutyldithiocarbamate, zinc dibutyl dithiocarbamate, tris(nonylphenyl) 
phosphite, 2,6-di-t-butyl-4-methylphenol and the like. Exemplary conventional fillers and pigments include silica, carbon 
black, titanium dioxide, iron oxide and the like. These compounding ingredients are incorporated in suitable amounts 
depending upon the contemplated use of the product, preferably in the range of 1 to 350 parts of additives or com- 

45 pounding ingredients per 100 parts of graft copolymer. 

A reinforcement may be defined as the material that is added to a resinous matrix to improve the strength of the 
polymer. Most of these reinforcing materials are inorganic or organic products of high molecular weight. Various exam- 
ples include glass fibers, asbestos, boron fibers, carbon and graphite fibers, whiskers, quartz and silica fibers, ceramic 
fibers, metal fibers, natural organic fibers, and synthetic organic fibers. Other elastomers and resins are also useful to 

so enhance specific properties like damping properties, adhesion and processability. Examples of other elastomers and 
resins include adhesive-like products including Reostomer (produced by Riken-Vinyl Inc.), hydrogenated polystyrene- 
medium or high 3,4) polyisoprene-polystyrene block copolymers such as Hybler (produced by Kurare Inc.), polynor- 
bornenes such as Norsorex (produced by Nippon Zeon Inc.) and the like. 

The gels containing oil or low molecular weight component extended grafted block copolymer and polypropylene 

55 compositions of the present invention may be prepared by any means well known in the art for combining such ingredi- 
ents, such as solution blending, milling, internal batch mixing, or continuous extrusion of a solid form of the grafted block 
copolymer and polypropylene compositions and the other ingredients. A rapid and convenient method of preparation 
comprises heating a mixture of the components to a temperature of about 50 °C. to about 290 °C. 
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The gels containing oil extended grafted block copolymer and polypropylene compositions of the present invention 
of this invention can be manufactured by mixing and dynamically heat-treating the components described above, 
namely, by melt-mixing. As for the mixing equipment, any conventional, generally known equipment such as a open- 
type mixing roll, closed-type Banbury mixer, extruding machine, kneader, continuous mixer, etc., is acceptable. The 
5 closed-type is preferable, and mixing in a inactive gas environment, such as nitrogen or carbon dioxide, is also prefer- 
able. 

The composition obtained using the manufacturing method of this invention can be molded with equipment conven- 
tionally used for molding thermoplastics. It is suitable for extrusion molding, calendar molding, and particularly injection 
molding. 

io The composition of the present invention can be mixed in any conventional mixer such as a Banbury mixer or roll 
mill or extruder normally conducted within the temperature range of about 150 °C. to about 300 °C, preferably main- 
taining the composition above its melting point for a few minutes up to several hours, preferably 10 to 40 minutes. A par- 
ticularly useful technique is to add any fillers in the beginning of the mixing cycle in order to take maximum advantage 
of heating time and to prevent surface bleeding and overheating when forming the molded articles. 

75 The resultant gel composition may be molded in appropriate press ovens and the like to form products in the form 
of extruded pellets, cut dices, preferably as small as possible since smaller pellets provide short healing times and bet- 
ter flow when utilized in flow molding. Ground pellets may also be utilized. 

The extended graft copolymers of the instant invention can be used in high temperature applications including uses 
in injection molding or in any other compositions typically containing used for elastomeric properties. 

20 In summary, the molded polymers produced from the gels containing extended grafted block copolymer and poly- 

propylene compositions of the present invention retain elastomeric characteristics and are useful in high temperature 
applications and/or high damping applications. 

Damping is the absorption of mechanical energy by a material in contact with the source of that energy. It is desir- 
able to damp or mitigate the transmission of mechanical energy from, e.g., a motor, engine, or power source, to its sur- 

25 roundings. Elastomeric materials are often used for this purpose. It is desirable that such materials be highly effective 
in converting this mechanical energy into heat rather than transmitting it to the surroundings. It is further desirable that 
this damping or conversion is effective over a wide range of temperatures and frequencies commonly found near 
motors, automobiles, trucks, trains, planes, and the like. 

A convenient measurement of damping is the determination of a parameter called tan 5 . A forced oscillation is 

30 applied to a material at frequency f and the transmitted force and phase shift are measured. The phase shift angle delta 
is recorded. The value of tan 6 is proportional to the ratio of (energy dissipated)/(energy stored). The measurement 
can be made by any of several commercial testing devices, and may be made by a sweep of frequencies at a fixed tem- 
perature, then repeating that sweep at several other temperatures, followed by the development of a master curve of 
tan 5 vs. frequency by curve alignment. An alternate method is to measure tan 5 at constant frequency (such as at 10 

35 hz) over a temperature range. We have defined a thermoplastic unfilled material as useful for damping when 
tan 6 >~0.3 over at least a 4 decade range, preferably a 6 decade range of frequency. 

It is further important that this high degree of absorption of energy be accompanied by good mechanical and ther- 
mal stability, as the part prepared from the subject polymers will be cycled through various environments and repeat- 
edly such to various forces of compression, tension, bending, and the like. 

40 The compositions of the present invention are favorably used in the manufacturing of any product in which the fol- 
lowing properties are advantageous: a high degree of softness, heat resistance, decent mechanical properties, elastic- 
ity and/or high damping. The compositions of the present invention can be used in all industry fields, in particular, in the 
fabrication of automotive parts, household electrical appliances, industrial machinery, precision instruments, transport 
machinery, constructions, engineering, and medical instruments. 

45 Representative examples the use of damping materials, vibration restraining materials, cushion gel are connecting 

materials such as sealing materials, packing, gaskets and grommets, supporting materials such as mounts, holders 
and insulators, and cushion materials such as stoppers, cushions, and bumpers. These materials are also used in 
equipment producing vibration or noise and household electrical appliances, such as in air-conditioners, laundry 
machines, refrigerators, electric fans, vacuums, driers, printers and ventilator fans. Further, these materials are also 

so suitable for impact absorbing materials in audio equipment and electronic or electrical equipment, sporting goods and 
shoes. Further, as super low hardness rubbers, these materials are applicable for use in appliances, damping rubbers, 
and as low hardness plastics, it is preferable for molding materials. Further, because the present compositions can be 
used to control the release of internal low molecular weight materials out from the compositions, it is useful as a release 
support to emit materials such as fragrance materials, medical materials and other functional materials. The composi- 

55 tions of the present invention also possess utility in applications of use in liquid crystals, adhesive materials and coating 
materials. 

Specific examples of uses of the compositions of the present invention as damping materials are as follows: 
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(1) in audio equipment, such as in insulators for a portable CD or a CD mounted on a vehicle, mike holders for 
home video cassette recorder, radio cassette recorder, karaoke or handy mike, etc., an edge cone of a speaker, a 
tape holder of a radio cassette, a holder of a portable mini-disk player, an optical disk holder of a digital video disk, 
etc.; 

5 

(2) in information relating equipment, such as in insulators for a hard disk, insulators for motors such as a spindle 
motor for HHD and stepping motor, insulators for floppy disk drive, insulators for CD-ROM of personal computer, 
and a holder for optical disk; 

10 (3) in communication equipment, such as in a holder for compact high performance mike or speaker of a portable 
telephone, a pocket bell or PHS, a mike holder for a wireless equipment, and a disk holder for portable note type 
electronic equipment; 

(4) in home electronics equipment, such as in insulators for CD-ROM of home TV game, insulators for cassette 
75 holder or CD-ROM of cassette holder or game machine, a holder of high performance mike, and cone edge of 

speaker; and 

(5) in other applications, such as in damping materials for printer head of a wordprocessor. printer of personal com- 
puter, small or middle handy type printer, or name printers, and insulators for CD-ROM used for measure equip- 

20 ment. 

In the following, the present invention will be described in more detail with reference to non-limitative examples. The 
following examples are presented for purposes of illustration only and are not to be construed in a limiting sense. 

25 Preparation of Graft Copolymers 

Example 1 

A nitrogen purged Brabender mixer (50g capacity) equipped with a roller blade was initially set to 25 rpm and the 
30 temperature was set to 1 60°C. The mixer was then charged with 1 2 g of commercial maleated polypropylene and 28 g 
of commercial maleated SEBS. The polymers were agitated in the mixer for 5 minutes. The temperature of the mixer 
was adjusted to 195 °C, and the mixing was continued at 80 rpm for another 15 minutes. A charge 0.5 g dodecane 
diamine was added into the Brabender mixer. At the same time, the heating element was turned off and the mixture was 
allowed to cool to about 160°C. at a rate of about 4°C/min. The agitation was turned off and the polymer was removed 
35 from the mixer. A control polymer as Comparative Example 1 A was prepared in the same manner, absent the 0.5 g 
dodecane diamine, as shown in Table 1 . 

Example 2 

40 The procedure of Example 1 were repeated with minor changes in the amounts of materials and in reaction condi- 
tions. The mixer was charged with 12.2 g of commercial maleated polypropylene and agitated in the mixer for 2 minutes 
at 25 rpm. A charge of 28.2 g of commercial maleated SEBS was added to the mixer and the agitation speed of the 
mixer was adjusted to 80 rpm and a charge of 0.3 g of dodecane diamine was then added to the mixer. The polymers 
were agitated in the mixer for 2 minutes and then the agitation rate was reduced to 40 rpm. The heating element was 

45 then turned off and the mixture was then allowed to cool down at a rate of about 4°C/min. The polymer was removed 
from the mixer after the mixture temperature reached 1 68°C. 

Example 3 

so The procedure of Example 2 was repeated with minor changes in the amounts of reactants. At 195°C, the mixer 
was charged with 8.0 g of commercial maleated polypropylene and 32 g of commercial maleated SEBS. As in Example 
2 the polymers were coupled with 0.3 g of dodecane diamine. Table 1 displays the reaction conditions and the reactant 
ratios. 

55 Example 4 

A nitrogen purged Brabender mixer (300 g capacity) equipped with a roller blade was initially set to 60 rpm and the 
temperature was set to 195°C. The mixer was then charged with 40 g of commercial maleated polypropylene. After 7 
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minutes, a charge of 160 g of commercial maleated SEBS was added to the mixer. The polymers were mixed for 15 
minutes and then a charge of 1 .5 g of dodecane diamine was added into the Brabender mixer as the speed was 
increased to 120 rpm. The temperature in the mixer rose to 209°C. After 5 minutes, the heating element was turned off. 
The reaction mixture was then allowed to cool down at a rate of about 4°C/min. The resulting coupled polymer was 
removed from the mixer after the mixture temperature reached 160°C. Table 1 displays the reaction conditions and the 
reactant ratios- 
Preparation of Oil Extended Gels 
Example 5 

A charge of 1 5 g of the product from the experiment in Example 1 was added to the Brabender mixer (50 g capacity) 
equipped with a roller blade. The mixer was initially set to 1 10°C and 60 rpm. The polymer was mixed for 20 minutes. 
The mixer was then set to 180°C and 35.5 g of aromatic oil was slowly charged into the mixer. After addition of oil was 
completed, the mixer was further heated to 200°C for 55 minutes. Subsequently the mixing speed was slowed down to 
10 rpm, the heating element was then turned off and the mixture was allowed to cool at a rate of about 4°C/min. to 
170°C. The agitation was turned off and the mixture was removed from the mixer. The resultant properties of the 
extended graft polymer are shown in Table 2. The control polymers of Comparative Example 1 A were extended in the 
same manner shown in Table 2 as Example 5A. 

Example 6 

A charge of 1 5.0 g of the product from the experiment in Example 3 was added to the Brabender mixer at 40°C and 
60 rpm. The graft polymer was mixed for 40 minutes. Then, 35.6 g of aromatic oil was slowly charged into the mixer. 
After the addition of oil was completed, the mixer was further heated to 205°C for 2 hours. The heating element was 
then turned off and the mixture was allowed to cool down to 1 70°C. The agitation was turned off and the mixture was 
removed from the mixer. The properties of the extended gel are listed in Table 2. 

Example 7 

The process of Example 5 were repeated with minor changes in the amounts of materials. The mixer was charged 
from 15.0 g of the product from the experiment of Example 2 and 45.0 g of heavy aromatic oil. The properties of the 
extended gel are listed in Table 2. 

Example 8 

The process of Example 5 were repeated with minor changes in manner of charging oils. The mixer was charged 
with 15.0 g of the product from the expirement of Example 2 and 17.7 g of aromatic oil. The materials were mixed at 
205°C for 1 hour, then, a charge of additional 17.7 g of aromatic oil was added into the mixer. The mixing was continued 
for another 25 minutes. Then, the heat element was shut off and the mixture was removed from the mixer when the tem- 
perature ws dropped below 1 70°C. The properties of the extended gel are listed in Table 2. 

Example 9 

A charge of 78 g of the product from of Example 4 and 182 g of aromatic oil were added to a Brabender mixer (300 
g capacity) equipped with a roller blade of 25°C and at a speed of 20 rpm. The materials were mixed for 10 minutes. 
The mixer was then set to 205°C at 60 rpm for one hour. Then, the mixing was continued for an additional hour at a 
speed of 80 rpm. The heating element was then turned off and the mixture was then alllowed to cool down at a rate 
~4°C/min to 170°C. The agitation was turned off and the mixute was removed from the mixer. The physical properties 
of the oil extended gel is listed below in Table 2. 

The products of all of the oil-extended polymers shown in Examples 5 to 9 and analagous controls were molded 
into sheets and cylinder buttons at ~200°C. Ring samples were cut from these sheets for tensile measurement. The 
physical properties of the oil extended gels are listed below. 
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Table 1 



Example No. 


PP7SEBS** (wt. 
ratio) 


Coupling Agent 
(NH 2 ) 2 C 12 (wt. 
%) 


Reaction Tempera- 
ture (°C) 


Agitation Speed 
(rpm) 


Size of Reactor 


1A 


30/70 


0.00% 


195 


80 


50g 


1 


30/70 


1.3% 


195 


80 


50g 


2 


30/70 


0.7% 


195 


80 


50g 


3 


20/80 


0.7% 


195 


80 


50g 


4 


20/80 


0.8% 


209 


120 


300g 



10 



20 



Exxelor™ P01015 from Exxon Chemical - maleated polypropylene containing 0.4% maleic anhydride. 
*Kraton™ FG1901x from Shell Chemical Company - maleated SEBS containing 1.9% maleic anhydride. 



Table 2 



25 



Example 
No. 



Material 
Used 



ShoreA 

hardness 

(25°C) 



Compression 
SetOOfTC) 1 



Tan 6 

(30-65- 100°C) 



G'jocKj'iooc 1 



am* 

(psi) 



em 

(%) 



5A 



Ex.lA+70% 
oil 5 



14 



flow 



30 



35 



Ex. 1+70% oil 



26 



46 



0.1 8-0.24-0. 16 



3.5 



Ex. 3+70% oil 



14 



48 



0.20-0.50-0.51 



9.1 



53.1 



245.0 



Ex. 2+80% oil 



14 



50 



0.21-0.28-0.18 



4.2 



52.9 



163.2 



Ex. 2+70% oil 



20 



51 



67.0 



146.0 



Ex. 4+70% oil 



10 



61 



0.23-0.55-0.47 



9.1 



28.3 



292.6 



40 



45 



'The Compression Set was measured based on conditions of ASTM D3 95-89, except that the sample size and 
displacement were changed as follows: Sample height - 0.5 inches; Sample diameter - 0.55 inches; Displacement - 
Sample is compressed to 0.375 inches and stored in an oven at 100°C (or at 150°C in subsequent examples) for 22 
hours. The sample is removed from the oven, the stress on the sample is relieved, the sample is stored at room 
temperature for 30 minutes and the recovery of the sample is measured as the final sample height as X in: 
Compression Set = ((0.5 - X)/(0.5-0.375)) x 100%. 
2 Ratio of dymanic shear modulus at 30 andl00°C. 

3 Tensile strength 

'Elongation 

5 Sundex 790 from Sun Oil Company -Aromatic Oil 



£0 



Although the invention has been described with reference to particular mess, materials and embodiments it is to be 
understood that the invention is not limited to the particulars disclosed and extends to all equivalents within the scope 
of the claims. 



55 Claims 



1. An extended polymer composition comprising: 100 parts by weight of a graft copolymer composition formed by 
reacting a maleated block copolymer having at least one hard block and at least one elastomeric block, a maleated 
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polypropylene polymer, and an organic diamine grafting agent reactive with two maleate functional groups; and at 
least 30 part by weight of an extender comprising an extender oil or an organic material having a number-average 
molecular weight of less than 20,000, said composition having a Shore A hardness ranging from about 0 to about 
50 at about 20°C to 25°C. 

5 

2. The composition of claim 1 wherein said block copolymer has a degree of crystallinity less than 25% and a molec- 
ular weight between about 5,000 and 1,000,000. 

3. The composition of claim 1 wherein said maleated block copolymer is a block copolymer prior to maleation selected 
10 from the group consisting of: styrene- ethyl ene/buty lene-styr en e block copolymer (SEBS), styrene/butadiene block 

copolymer (SBR) preferably having a butadiene/styrene weight ratio of about 85/15 to about 45/55, a styrene/buta- 
diene/styrene block copolymer (SBS), styrene/isoprene block/styrene block copolymer (SIS), tapered block SBR, 
microblock SBR, styrene/isoprene block copolymer (block SIR), tapered block SIR, styrene/butadiene/isoprene 
block copolymer (block SIBR), styrene- ethylene/butylene block copolymer (SEB), styrene-ethylene/propylene- 

15 block copolymer (SEP), styrene-ethylene/propylene-styrene block copolymer (SEPS), styrene-ethylene/propylene- 

ethylene block copolymer (SEPE), styrene-ethylene/butylene-ethylene block copolymer (SEBE), styrene-ethyl- 
ene/styrene block copolymer (SES), ethylene-ethylene/butylene block copolymer (EEB), ethylene-ethylene/buty- 
lene/styrene block copolymer (hydrogenated BR-SBR block copolymer), ethylene-ethylene/butylene/styrene- 
ethylene block copolymer (hydrogenated BR-SBR-BR block copolymer), ethylene-ethylene/butylene-ethylene 

20 block copolymer (EEBE) and partially hydrogenated versions of the block copolymers. 

4. The composition according to claim 1 wherein said maleated block copolymer comprises from about 0.01 to about 
25 percent by weight of maleic anhydride. 

25 5. The composition according to claim 1 wherein said maleated block copolymer comprises from about 0.05 to about 
5 percent by weight of maleic anhydride. 

6. The composition according to claim 1 wherein said polypropylene has a molecular weight between about 10,000 
to about 10,000,000. 

30 

7. The composition according to claim 1 wherein said polypropylene has a molecular weight between about 20,000 
to about 300,000. 

8. The composition according to claim 1 wherein said maleated polypropylene comprises from about 0.01 to about 5 
35 percent by weight of maleic anhydride. 

9. The composition according to claim 1 wherein said maleated polypropylene comprises from about 0.02 to about 
1.0 percent by weight of maleic anhydride. 

40 10. The extended polymer composition of claim 1 further comprising from 1 to 350 parts of a inorganic filler, additive or 
compounding ingredient based on 100 parts by weight of the graft copolymer composition. 

11. The extended polymer composition of claim 1 wherein the extender is present in an amount between about 30 to 
about 1000 parts by weight per 100 parts by weight of the graft copolymer composition. 

45 

12. The extended polymer composition of claim 1 wherein the extender is at least one compound selected from the 
group consisting of: softening agents, plasticizers, tackifiers, oligomers, lubricants, petroleum hydrocarbons, sili- 
cone oil, aromatic oil, naphthenic oil and paraffinic oil. 

so 1 3. The extended polymer composition of claim 1 wherein the composition is in the form of a gel. 

1 4. The extended polymer composition of claim 1 wherein the organic diamine grafting agent is selected from the group 
consisting of: bis-(aminoalkyl)-amines, having a total of from 4 to 12 carbon atoms and diamines represented by 
the general formula: Ri(NH 2 )2 wherein represents an aliphatic hydrocarbon group having from 2 to 20 carbon 

55 atoms, a cycloaliphatic hydrocarbon group having from 4 to 20 carbon atoms or an aromatic hydrocarbon group 
having from 6 to 20 carbon atoms or represents an N-heterocyclic ring having from 4 to 20 carbon atoms. 

15. The extended polymer composition of claim 1 having damping properties having a tan 5 in the range of about 0.1 



12 

BNSDOCID: <EP 0879832A1_I_> 



0 



EP 0 879 832 A1 

to about 1.0 over the temperature range of 30°C. to 100°C. 

16. The extended polymer composition of claim 1 having a Shore A hardness ranging from about 1 to about 50 at about 
20°C to 25°C. 

c 

17. The extended polymer composition of claim 1 having a Shore A hardness ranging from about 5 to 30 at about 20°C 
to 25°C. 

18. The extended polymer composition of claim 1 wherein the organic diamine grafting agent is selected from the group 
w consisting of: ethylene diamine; 1,2- and 1,3- propylene diamine; 1,4-diaminobutane; 2,2-dimethylpropane 

diamine-(1,3); 1,6-diaminohexane; 2,5-dimethylhexane diamine-(2,5); 2,2,4-trimethylhexane diamine-(1,6); 1,8- 
diaminooctane; 1,10-diaminodecane; 1,1 1-undecane diamine; 1 , 1 2-dodecane diamine; 1-methyl-4-(aminoisopro- 
pyl)-cyclohexylamine-1; 3-aminomethyl-3,5,5-trimethyl-cyclohexylamine-(1); 1,2-bis-(aminomethyl)-cyclobutane; 
p-xylylene diamine; 1,2- and 1 ,4-diaminocyclohexane; 1,2-; 1,4-; 1,5- and 1 ,8-diaminodecalin; 1-methyl-4-aminoi- 

15 sopropyl-cyclohexylamine-1 ; 4,4'-diamino-dicyclohexyl; 4,4'-diamino-dicyclohexyl methane; 2,2'-(bis-4-amino- 
cyclohexyl)-propane; 3,3'-dimethyl-4,4'-diamino-dicyclohexyl methane; 1 ,2-bis-(4-aminocyclohexyl)-ethane; 
3,3',5,5'-tetramethyl-bis-(4-aminocyclohexyl)-methane and -propane; 1,4 - bis-(2-amtnoethyl)-benzene; benzidine; 
4,4'-thiodianiline, dianisidine; 2,4-toluenediamine, diaminoditolylsulfone; 2,6-diaminopyridine; 4-methoxy-6-methy1- 
m-phenylenediamine; diaminodiphenyl ether; 4,4'-bis(o-toluidine); o-phenylenediamine; o-phenylenediamine, 

20 methylenebis(o-chloroaniline); bis(3,4-diaminiophenyl)sulfone; diaminiodiphenylsulfone; 4-chloro-o-phenylenedi- 

amine; m-aminobenzylamine; m-phenylenediamine; 4,4'-C-|-C 6 -dianiline; aniline-formaldehyde resin; trimethylene 
glycol di-p-aminobenzoate; bis-(2-aminoethyl)-amine; bis-(3-amrnopropyl)-amine; bis-(4-aminobutyl)-amine; bis- 
(6-aminohexyl)-amine; isomeric mixtures of dipropylene triamine and dibutylene triamine; hexamethylene diamine; 
tetramethylene diamine; and dodecane diamine and mixtures thereof. 

25 

19. A flexible, molded thermoplastic elastomer article comprising: 

100 parts by weight of a graft copolymer composition comprising formed by reacting a maleated block copoly- 
mer having at least one hard block and at least one elastomeric block, a maleated polypropylene polymer, and 
30 an organic diamine grafting agent reactive with two maleate functional groups; and at least 30 parts by weight 

of an extender comprising extender oil or an organic material having a number-average molecular weight of 
less than 20,000, said composition having a Shore A hardness ranging from about 0 to about 50 at about 20°C 
to 25°C. 

35 20. The flexible, molded thermoplastic elastomer article of claim 19 wherein said maleated block copolymer is a block 
copolymer prior to maleation selected from the group consisting of: 

styrene-ethylene/butylene-styrene block copolymer (SEBS), styrene/butadiene block copolymer (SBR) prefer- 
ably having a butadiene/styrene weight ratio of about 85/15 to about 45/55, a styrene/butadiene/styrene block 

40 copolymer (SBS), styrene/isoprene block/styrene block copolymer (SIS), tapered block SBR, microblock SBR, 

styrene/isoprene block copolymer (block SIR), tapered block SIR, styrene/butadiene/isoprene block copolymer 
(block SIBR), styrene-ethylene/butylene block copolymer (SEB), styrene-ethylene/propylene-block copolymer 
(SEP), styrene-ethylene/propylene-styrene block copolymer (SEPS), styrene-ethylene/propylene ethylene 
block copolymer (SEPE), styrene-ethylene/butylene-ethylene block copolymer (SEBE), styrene-ethylene/sty- 

45 rene block copolymer (SES), ethylene-ethylene/butylene block copolymer (EEB), ethylene-ethylene/buty- 

lene/styrene block copolymer (hydrogenated BR-SBR block copolymer), ethylene-ethylene/butylene/styrene- 
ethylene block copolymer (hydrogenated BR-SBR-BR block copolymer), ethylene-ethylene/butylene-ethylene 
block copolymer (EEBE) and partially hydrogenated versions of these copolymers. 

so 21. The flexible, molded thermoplastic elastomer article of claim 19 having damping properties having a tan 5 in the 
range of about 0.1 to about 1.0 over the temperature rage of 30°C. to 100°C. 

22. The flexible, molded thermoplastic elastomer article of claim 19 having a Shore A hardness ranging from about 1 
to about 50 at about 20°C to 25°C. 

55 

23. The flexible, molded thermoplastic elastomer article of claim 19 having a Shore A hardness ranging from about 5 
to 30 at about 20°C to 25°C. 
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24. The flexible, molded thermoplastic elastomer article of claim 19 further comprising from 1 to 350 parts of a inor- 
ganic filler, additive or compounding ingredient based on 100 parts by weight of the graft copolymer composition 
component. 

s 25. The flexible, molded thermoplastic elastomer article of claim 19 wherein the extender is at least one compound 
selected from the group consisting of: softening agents, plasticizers, tackifiers, oligomers, lubricants, petroleum 
hydrocarbons, silicone oil, aromatic oil, naphthenic oil and paraffinic oil. 

26. The flexible, molded thermoplastic elastomer article of claim 19 wherein the organic diamine grafting agent is 
io selected from the group consisting of: bis-(aminoalkyl)-amines, having a total of from 4 to 12 carbon atoms and 

diamines represented by the general formula: R-i(NH 2 )2 wherein represents an aliphatic hydrocarbon group 
having from 2 to 20 carbon atoms, a cycloaliphatic hydrocarbon group having from 4 to 20 carbon atoms or an aro- 
matic hydrocarbon group having from 6 to 20 carbon atoms or R-j represents an N-heterocyclic ring having from 4 
to 20 carbon atoms. 

15 

27. The flexible, molded thermoplastic elastomer article of claim 19 wherein the organic diamine grafting agent is 
selected from the group consisting of: ethylene diamine; 1 ,2- and 1 ,3-propylene diamine; 1,4-diaminobutane; 2,2- 
dimethylpropane diamine-(1,3); 1 ,6-diaminohexane; 2,5-dimethylhexane diamine-(2,5); 2,2,4-trimethylhexane 
diamine-(1,6); 1,8-diaminooctane; 1 ,10-diaminodecane; 1,1 1-undecane diamine; 1,12-dodecane diamine; 1- 

20 methyl-4-(aminoisopropyl)-cyclohexylamine-1 ; 3-aminomethyl-3,5,5-trimethylcyclohexylamine-(1); 1 ,2-bis-(ami- 

nomethyl)-cyclobutane; p-xylylene diamine; 1,2- and 1 ,4-diaminocyclohexane; 1,2-; 1,4-; 1,5- and 1 ,8-diaminodec- 
alin; 1-methyl-4-aminoisopropyl-cyclohexylamine-1 ; 4,4'-diamino-dicyclohexyl; 4 ( 4'-diamino-dicyclohexyl methane; 
2,2 , -(bis-4-amino-cyclohexyl)-propane; 3,3'-dimethyl-4,4'-diamino-dicyclohexyl methane; 1 ,2-bis-(4-aminocy- 
clohexyl) -ethane; 3,3',5,5'-tetramethyl-bis-(4-aminocyclohexyl)-methane and -propane; 1,4 - bis-(2-aminoethyl)- 

25 benzene; benzidine; 4,4'-thiodianiline, dianisidine; 2,4-toluenediamine, diaminoditolylsulfone; 2,6-diaminopyridine; 

4-methoxy-6-methyl-m-phenylenediamine; diaminodiphenyl ether; 4,4'-bis(o-toluidine); o-phenylenediamine; o- 
phenylenediamine. methylenebis(o-chloroaniline); bis(3,4-diaminiophenyl)sulfone; diaminiodiphenylsulfone; 4- 
chloro-o-phenylenediamine; m-aminobenzylamine; m-phenylenediamine; 4,4'-C 1 -C 6 <iianiline; aniline-formalde- 
hyde resin; trimethylene glycol di-p-aminobenzoate; bis-(2-aminoethyl)-amine; bis-(3-aminopropyl)-amine; bis-(4- 

30 aminobutyl)-amine; bis-(6-aminohexyl)-amine; isomeric mixtures of dipropylene triamine and dibutylene triamine; 
hexamethylene diamine; tetramethylene diamine; and dodecane diamine and mixtures thereof. 

28. The flexible, molded thermoplastic elastomer article of claim 19 wherein said maleated block copolymer comprises 
from abput 0.01 to about 25 percent by weight of maleic anhydride. 

35 

29. The flexible, molded thermoplastic elastomer article of claim 19 wherein said maleated polypropylene polymer 
comprises from about 0.01 to about 5 percent by weight of maleic anhydride. 
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